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PRELIMINARY

H. BOenig, R. Grlbble, C. Hammer, S.

DESIGN OF THE ENERGY SYSTEM FOR THE ZTH EXPERIMENT*

Huddlesron, R. Kewish, H. Konkel, J. Melton, W. Reass, B. Rosev, P. Thullen

Los Alamos National Laboratory
Los A.lames, NM 87545

ABSTRACT

A 4 MA reversed field pinch experiment, called

ZTH, is being designed and built at Los Alamoa. The

first plaama discharges are scheduled to take place in
FY 1991. Major electrical power equipment components,

such as a pulsed generator, controlled power supplies,

isolation and opening switches, current interrupters
and capacitor banks are being deatgned and procured for

this experiment. In this paper the requirements and
the design philosophy of the components for the ●nergy

system are described, and a status report on the com-

ponent acquisition is given.

1. INTRODUCTION

Los Alamos National Laboratory is designing and

building the Confinement Physics Research Facility

(CPRF) for the Office of Magnetic Fusion Energy of the
US Departraent of Ener6y. The first experiment in the

CPRF will be a 4 MA reversed field pfnch device, la-
beled ZTH. The flrat plasma discharges are scheduled
for FY 1991. with 4 MA experiments expected to commence

in Oct. 1992. Th f electrical energy system for

CPRF/ZTH consists of a pulsed generator, an ac distri-
bution system, controlled power suppltes for the

toroidal, ohmic heating and equilibrium coils, isola-

tion and opening switches, capacitor banks and other

electrical equipment.

The experimental device will be housed in an

existing 200’ x 60’ building, which has 6’ thick con-

crete ~alls and a 5’ thick concrete ceiling. A new

ifl~’ x 60’ generator building is being constructed and

a new 250’ N 65’ power supply building is in the design

phase. Figure I shows a general facili!y layout. A

small switch yard will be located between the generator
and puwer supply building. Station power will be pro-

vided by a 13.4 kV, I I.< MVA cable, which ia cOnnected
to a urilir.y transformer.

2. POWER AN’J ENERGY REQUIREMENT

The i!TH experiment ir~ designed tc produce n plaoma
current wh[t.h rises to a value of 2 MA in 50 mn. Then

the plasma current 10 ramped to 4 MA in 40~ ret?. The

ramp phase lN followed by a 200 ma current flat-top

phaqeo During n plasmm discharge mont ~f the power is

required hy the ohmic hearing coils, with a peak pmte t

requirement. nf 800 MU, which occurn at the end of the
ramping phane. The ●quilibrium mupplien require n
tot,ril power of 60 MU nnd the fiat-top Roroiual field
supply in rat,cd at 20 MW. Thvar pt,~et ar,d cn~rgv r.’*-

qulrementn can nnt be provid~d hy the l,)cal electr!c

Utillty llyntem. I“lcrtiri] onerx-y arornK@ wii~ h~

applied for nupplying ?hr pulned POWPI tind enerky.

‘1, PU1.SEO CENERATOH

TABLE I: Cenelator Parameters

Power rating 1430 MVA

Voltage 24 kV
Current 34.4 kA

Synchronous speed 1800 rpm

Lower speed 1260 rpm

Energy at 1800 rpm 1210 MJ

Extractable energy 60C MJ

Pulse repetition rate 10 min
Drive system rating 8060 hp

Hydrogen pressure 75 pstg

Stator wei8ht 451 t

Rotor weight 232 t

Feasibility studies and teats performed by the genera-
tor manufacturer confirmed that the machine is suitable

for pulsed power operation. Furthermore, the generator

manufacturer asaured Los A2amoa that the generator,
which waa originally designed for hydrogen cooling, can

operate safely in air. This makes the installation and
operation of the machine less complex. ‘Jigure 2
depicts the projected Loa Alamos generator i,~stalla-
tion. The total generator set, which is 109’ long,
consists of the generbtor, three main bearings, the
ahaft driven oil pump, the turning gear, thrust bearin8

and the slip ring housing. To reduce the ●ffect of the

shock loading into the surrounding environment, the
8enerator foundation will be spring mounted. Provision

is made ~n the foundation design to install a future

flywheel. During the initial operation the space pro-
vided for the flywheel is bridged by a jack shaft. An

8000 hp all solid-state, load-comrnutflted converter
drive system will accelerate the generator from atand-

otill to full speed and also bring the generator up to
synchronous speed between the load pulses. Power for

the drive system and for the solid-state excitation
system wtll be provided from the 13.4 kV utility.

4. AC DISTRIBUTION SYSTEM ‘

The interface between the generator terminals and

the power eupply breaker has not been finalized. Dif-
ferent options for the interface are being investi-

gated, In evaluating the options, methods of 8enerator

protection including the involved risk, uaunlly cauaed
by generator short circuit conditions, . d nverall

Contn are being considered. The opt inns being
ronnidered include:

(lEEENEJn CPRF SITI! PLAN AT TASS
- In Cimmlumul /&#
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Fig. 2. Los Alamos generator installation

a) no generator breaker, no line reactor;

b) generator breaker, no line reactor;
c) line reactor, distribution type breaker;
d) line reactor, smaller generator breaker;

e) line reactor, explosive fuse.

Figure 3 shows aa an example option c. Becauae a

line reactor inhibits the voltage regulation Juring the
current pulse, the converter coat increases with in-

creasing line reactor value for a given converter ter-

minal voltage and current rating. The convet-tel coat

la being taken into account for costing the ac

interface.

5. POLOIDAL FIELD ENERGY SYSTEM -- OVERVIEW

The poloidal field ●nergy ayatem feeds both the

ohmic heating ard equilibrium coils. The main compo-

nents of the poloidnl ●nergy system as shown in Fig. 4

are:

a)

h)

c)

d)
e)

Four ohmic heatjng power auppllen rated at 3840 V
and 12.5 kA for 2 MA operation ond 3840 V and
50 kA for 4 MA operation;
Sixteen equilibrium coil auppliet3, conaiafing of

two sets with eight identical unitq, rated nt

I kV/3 kA and 1.25 kV/4 kA respectively;

Cold and isolation switches;

Fout 5(I kV/50 kA d- currt=nt interrupt.erJ;
Four 1 ohm transfer realstora.

6. CONVERTERS

Each of the four ohmic heating supplies can be

subdivided into four six-pulse, 960 V, 12.5 kA aup-

plies. The no-load voltage should be about 1300 V.
While a 12-pulse supply ahowa a slight co+t advantage

over a 24-pulse supply, the ripple requirement during

flat-top operation may require 24-pulse operation of an
ohmic hearing suprly. This quctition Is being studi~d.

The add~tion of power supplies for 4 MA operation is

achieved by adding identical oh~ic heating supplies In

parailel. The converter transformers will be specified

aa dry type units. The specifications for the c~nver-

ter purchase are being written.

The sixteen equilibrium coil supplies can bc~ di-
vided into two aeta o! eig+t each. One met reqvfrcs n
full load rating of 3 kA at 1 kV and the other aet a
full load rating of 4 kA at 1.25 kV. Because of the

almflnrfty of the aupplien, one basic mechanical
construction c?, be used.

The dry type transformer aho,lld h~ve a 25% voltage
tap and the rectlffera should have SCRa with diffrrent
voltage ratings and different ntimbera of
patha.

partillel

TIItF ~ould accomodllte the 25% differen, voltngr

and currcnr requirements w~th one set of nupplies.
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Fig. 4. Poloidal field energy system

7. SWITCHES

A Ereat. number (about 200) of i[.elation, discon-

nect, metal-to-metal and grounding switchen are
required for proper operati of the polofdal field en-

ergy system. The switch requirements, such as voltage,
~urre,lt, Izt, clonin8 and opening time. •t~.t have been

determined. It is anticipated that many of the

swi”.ches can be procured using commercially available

ac circuit breakers, of the vacuum interrupter type.
To meet some application requirements which canfiot he

met by a single switch, a comL(nation of two nwitchen
will eufflce, In some instances the parallel operat.inn
of a fast ignltron switch with a nlrrwer metal-to-metal

awit.ch can nolve a fast clonlng time and high 12t re-

quirement.. Vacumn breakers nf thtec different manufac-
tu:ern ~re on order to be used an tent owit.chea for
25 kV, 5(.I kA Iaolatlnn nwltchen. The mechanical life
time and cu]renr, carrying capahilit.y of the nc brenkeru

will be determined.

8. DC CURRENT INTERRUPTER

A 50 kV/50 kA DC currrnt Inrertuptet in at the

I)r(,nvnt tlmc~ not i-eadjly avnllahle nt n re~monehle ct,nt

f rom an electrical equipment manufacturer. Boned on
previoun expedience with 2’) kA/2’) kV br’eaket’tt which
wvrp dovrloped at [.n N Alnmott for ot}ier US fualf)n pxpe-
riment.n, we nte developing t})? ZTl{ culrcnf lnt~rtu:>trt
1 n-hn(lnr, A hre~ker, am shown in FIR. 5, wati IInnwntrlcd
and teotoll. MA lt]r cnmponentn wpre: airt vnruum hnttl?n
In n 2 pnrmllel/’l nericn ntrangement; ~loIAF, 6(1 kV rl,un-
tetl~u]#P hnnk; ~mtuIabl@ rcartora; M(JV rrannfpr ll**!tl-
t,)t’, ‘I’llP lend curtvnt tn plOVfd@d hy n 10,()()1) IAF,
l!) kV cnparlt[jr hank in aellen with n 2~1~i 1111 Indtlrtot.

111{. vncutlm hottlern ttIrI IIf tlIt* {!xlnl m~ign~tic fl~ld
t yl)p,

T(J tlllrn (If!tr t)V(*l toll tnl Ptt IIIIt Ionrn at ‘)() kV/’)(~ kA

nnd 12 at 55 kV/$7 kA h~vv brJrn nrrompllrnlwrl with I(llli
h~v~tk~t lellnhllttv. h(rwrvrt, llml~twl tm~l! f~rllttv Ir-
IIMl)lllty, A NIWI$PmMfIIl ‘J() kA/5t4 kV (+llllt*llt lnfrtt~i\)-

! jlll) I* !lIll)wll In t’t~. h. !+ {1!0 dl*N!Xll!tlH II ll@W NW!t(!tl

t rut Ad(lllty l,) ,1, ) “wit(l) ]1(0 t@ Mtlll M (),(1()(1 uhfl~l!)

i
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Fiu. 5. Simplified electrical diagram nf 5(J kA, 5(1 kV

switch te t facility

with the rated 12t requirement. III addit.ion, the tent
facility will incorpnrntr all the nwitch nupp, )tr
nytrtemri Rllr h am control” nnd datn acquiaitinn #yntemfi,

lgnltron switchem, ●tc., which are nooricd fol ZT}l .
AIM(>, thene auxilinry ❑yutrmn are holn~ t~nttwl.
lier.~otly, W(I Ipntt)ed thnt n highot cut- t,,nt cnrryfnfi
vnruum lnt~truprel Im nvmllahle nt n rcnaontthlo prirc
from n different mnnufnrturet. Thrne hnttle# and the

netuntnr have, been or’dt r’~d find will he tented fn fl){.

now forllltv. Thewo hlRIIrI rtlrrrnt hottlem mnv tr(lurp

the numho] of p,!ral lPI ht)tt IPK from two to nnv.

9, TRANSFER RESISHIN
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Fig. 6. Current. and voltage tracea for a 56 kA, 54 kv
dc current ~nterruption

10. T(JRUIDAL FIELD ENERGY SYSTEM

The ZTH toroldal field energy aystern is in the
preliminary design phase. The bias toroirial magnetic
f~eld for the RFP experinrent w~ll be established by

discharging a capacitor bank into the toroidal field

coils. The capacitor bank will he allowed to ring
during plasma current build-up to aid the revers~l of

the toroidal ,raigr,etic field at the wall. Our!ng plasma
current flat-top phase, the current in the TF coils

wfll be .suatained by thyrisfor cortvercer power sup-

plf.?s. Figure 7 ahowe repreacntative current Wave-

shape.s and power supply requirement+ .

The tethnica~ design criteria for ZTH specifies
that the inititil biaa toroirlttl field before the plasma

current. rise will be a maximum of 0.3 Tesla, arid that

!t should be posaihl.c to reverse this field to nbout F
* -0,1 in a revetaal time that ia Continlto{ls]y variable

frrm 0.5 to 50 ms. ‘l?ze apecificnt.lon wsa adopted after
(~[efui conaider~tlon of the voit-aectmd consumption of
various RFP fi*Vir?m, The best way to achieve 2 MA
plasma opera ttnri with limfteil voIr-secondn rsvailable

will be ‘o operstw in the fa~,t reversal mode, in whit!]

t,}toldnl field reversal occurn rarly i 11 !C 50 mn

plarrmn curtertf rise time, This npecffictrtion pemtfr.a

dvsigt) of ZTN with a nmtlii~r turuid.]1 field capacitor
btink Fhan 1# cuytomatlly umed, Thc+ trm,iil. ~r bank, how-

e~vet, commit.e ZT}{ to {>perar.c in the f,trit reversal mode
tt~ Ce<Ir!I 2 MA plnnma curtt.nf, b~raunr (1.3 Tenla inltlml
torf)idnl flolrf In cnnafntpn, with opf.rsit ior] Irlmatched

mode only to nhnur II, H MA plnnma CUI .ul~r. Mfttrhed m,)do
oltcraf ion to 2 MA COII1[I hp nct>ievc,,l hv lnlrennlnR thn
114;CI of tlw TP’ rapnrlt,or !mnk,

The TF coils are connected in 24 sets of twO
series coils each. The capacitor bank is subdivided

into 48 modules, each consisting of ten 170 UF 10 kV

capacitors with aasoclate~ discharge and crowbar igni-

trona, mechanical by-pass switches, damping resistors,

dump switches, etc. Total bank energy is 4.f.J9 MJ. To

accomplish the required switching and reversal cc cur-

rent In the switches will require a total of 192 igni-

trons, in inverse parallel connections to allow current

commutation. However, other alternatives such aa

diodtA, thyristors, etc. are being investigated and

may eventually be used for nominal and/or special

aftuationa.

To flat-top the current in the TF coils for 2 MA

plaama current requires a 6 IIW poher supply. When all

of the TF coils are connected in series, this power

must be supplied at 1000 volts and 6000 ampa. To

provide the proper coil current to ramp the plasma cur-
rent from 2 PTA to 4 MA will require increasing the
pr,ier supply output current from 6 kA to 20 kA. The

voItage rating remaina about the same at 1 kV. The
entire toroldal field energy ayatem ia being designed

so that the powe: supply upgrade is the only change

required to add the capability to ramp to 4 MA.

11. SUMMARY

The CPRF/ZTH experiment Is being designed and

constructed for a 4 MA plasma current. Major compon-

ents of tfe electrical energy system such aa the pulsed
~ene~?to:, the ac distribution system, power supplies,

Isolation and opening switches and capacitor banka are
being deeigned and procured. The pulsed generator has
been acquired and all the auxiliary components have

been shipped to Los Alamoa. The transportation con-
tract for hauling the atator and rotor to Loa Alamos

haa been awarded. The specification for the power

supplies are being determilt d. A 50 kV/50 kA dc cur-

rent interrupter has ~een successfully tested.

Isolation switches are being procured for testing. MOV
devices are being teated to ,Ietermine their auitnbilitv

for tranafer reaiator srpplic,i” ion.

Fig. 7. Keq Ilt r IId muunot lr field WltVPllhll[~PN

rt>t~ll(!;ll ftrl,l p~)wpt r4upplv toq\lftt~mcnr*

Ilrl,l


